Abstract. According to the natural rubber deep fertilization ditch depth of 10~30cm between the width of 30~40cm between the requirements,we developed a fine ditch fertilizing machine. This paper introduces its structure and principle in detail. The machine uses a hoof-shaped furrow structure and centrifugal fertilizer structure. The machine is simple and easy to maintain. After testing, the machine can open the groove width of 20cm deep 35cm width.The machine fertilizer uniformity up to 90%.The machine productivity reached 1.3 hm 2 / h. The machine which meets the requirements of rubber tree fertilization has stable performance. At the same time, the machine can be the human's workload.
Introduction
In China, the natural growth conditions of rubber trees are not as good as in Southeast Asia, such as Malaysia.Rainfall is insufficient.Plot temperature is not high.Soil fertility is relatively poor. The growth period of the rubber tree is relatively short [1, 2] . In general, rubber trees need more precision fertilization in China. Rubber soil has low soil nutrient content. Fertilization complements most of the nutrients that rubber trees grow. Farm traditional fertilization habits used for a long time, it is difficult to adapt to changes to the requirements of rubber tree nutrients. Do not fertilize as needed and blindness fertilization, which led to low utilization of fertilizers [3] .
In today's world, the plow ditch fertilization machine which structure is bulky and traction resistance is large has been eliminated by some developed countries. As the width and depth of the ditch are limited, the cutter-type ditching machine cannot meet the needs of rubber tree fertilization. Chain 's ditching machine ditch, at the same time, there soil collapse. Vertical ditch fertilizing machine destroys the soil structure is not conducive to the growth of rubber trees [4] . Therefore, in the current management to the field of rubber tree on the fertilization, artificial digging trenches and excavators digging ditches mainly. And we a small amount to the use of hoof ditch plows fertilizer machine. The current rubber tree fertilization is not accurate enough and the structure of the machine more complex has become a major problem for the management of the rubber trees.
Thus, according to the actual needs of the rubber grove ditching and fertilization operations, on the basis of the existing furrow plow, we carried out the research on the precision fertilization machine of rubber tree. The development of a simpler structure, precision fertilization ditch fertilization machine. It can improve production efficiency and reduce production costs.
The basic structure of the machine. As shown in Figure 1 . The machine consists of four main components: powertrain, trenching system, fertilization system and control system [6] . Powertrain systems include suspension drives and hydraulic drives. The trench is mainly dragged by the tractor to drag the furrow to achieve ditch. Fertilization is the hydraulic drive through the engine power input to the hydraulic motor and hydraulic motor through the worm reducer to power to the fertilizer turntable to achieve fertilization. The control system consists of a hydraulic system and a control circuit system. The tractor moves through the three-point suspension mechanism to drag the furrow.In the process of grouting, the soil slabs are cut and formed into v-grooves. Tractor hydraulic output power through the control circuit to adjust the solenoid valve, hydraulic motor rotation, through the chain chain, the drive shaft will be transmitted to the worm gear reducer, worm reducer through the flange, the power transmission to the fertilizer turntable. Rotation process in the fertilizer turntable, fertilizers inside the fertilizer, relying on the role of their own gravity, was directed toward the edge of the fertilizer turntable. The fertilizer on the edge of the fertilizer wheel is scraped to the row of fat. And then through the fat pipe discharged to the disc ditch plow behind the v-shaped groove.
The overall parameters of the machine. The overall parameters of the precision fertilization machine are shown in Table 1 . Design of fertilizer system. The basic structure and working principle of the fertilizer system. The performance from the fertilizer system directly affects the quality to the work at the fertilizer plant. Comprehensive consideration, uniformity of fertilizer, fertilizer and structural simplification, we choose the fertilizer with the disc rotation, fertilizer baffle-type fertilizer machine [7] . The output of the worm gear reducer is connected with a fertilizer turntable. The top of the fertilizer tray is provided with a barrel holder. The barrel which bottoms into a funnel-type fertilizer bucket, is loaded with a fertilizer bucket on top of the fertilizer tray. The side with the barrel is also connected in a row of fat. The lower end to the row of fat is connected by a fertilizer pipe. There is a fertilizer outlet between the fertilizer bucket and the fertilizer turntable. The deflector baffle is positioned radially along the bucket and is adjustable from the radial spacing of the fertilizer drum. Fertilization system is simple, easy to disassemble, low cost, safe and convenient operation and accurate fertilization. And the fertilizer , s bucket can hold a lot of fertilizer. Fertilizer inside the fertilizer depends on its own gravity and fertilizer funnels shape of the role, was directed toward the edge of the fertilizer turntable. Fertilizer on the edge of the turntable fertilizer was blown off the row of fat to the row of fat, and then discharged through the fertilizer pipe.
Fertilizer control system. As shown in Figure 3 . The remote control port of the pilot relief valve 1 is connected with a pressure regulating valve 2 and a pressure regulating valve 3 having different set pressures respectively through a three-position four-way switching valve 4. S1, S2, S3 for the control button; K1, K2 for the intermediate relay; 1Y1, 1Y2 for the electromagnetic coil.
Tractor hydraulic system work, the valve in the middle, as shown in the state. The pilot valve 1 is used to set the maximum pressure in the system. The hydraulic motor rotates and the turntable has the fastest speed. K1 for the intermediate relay work, When pressing the button for S1. 1Y2 solenoid coil was energized, the valve at the left position. The pressure is set by the valve 2; the hydraulic motor rotates; the turntable speed is the second. K2 for the intermediate relay work, When pressing the button for S2. 1Y1 solenoid coil was energized, the valve at the right position. The pressure is set by the valve 3; the hydraulic motor rotates; the turntable speed is the slowest [8] .
Fig. 3 Technical model of hydraulic electrical control for fertilizer system
Characteristics of Drainage Control System.To use of electrical control, the system response is fast and action is accurate. Use three pilot relief valves for remote connection, so that the system has three different pressure set value, its set the turntable speed. According to the different characteristics of the different speed rows of fertilizer, you can adjust the turntable speed to determine the amount of fertilizer to achieve precise control of fertilizer.
Fertilizer test. Experimental site in Xuwen County,Zhanjiang City, Guangdong Province, the Friendship Farm flat cement land. We use the equipment is the East Red 604 tractor. We use fertilizers for powdered phosphate fertilizer, potash and granular compound fertilizer. We measured the machine under different operating speed of fertilizer, fertilizer uniformity. The machine travels across 600 m at normal operating speed (0.7 m / s, 0.9 m / s, 1.1 m / s), takes 90 points, and the length of each point is 1 m. Fertilizers are centrifuged on the fertilizer turntable.
F is the centripetal force of the fertilizer particles; m is the mass of the fertilizer particles; w is the turntable angular velocity; r is the turntable radius; n is the turntable speed; a is the fertilizer particle acceleration; From the formula (1) can be obtained turntable speed of the impact of fertilizer.
Fig. 4 Effect of turntable speed on fertilizer
We used SAS (statistical analysis system) statistical analysis software to test the data in Table 2 polynomial regression analysis; and draw the response surface map. We can observe the impact of various factors on the amount of fertilizer, and be able to determine and test the relationship between the variables [9] .
We according to Figure 4 turntable speed on the impact of fertilizer and Table 2 machine fertilization test summary of the data in a single-factor analysis. The polynomial regression equation is as follows: (2) (3) (4) When the tractor at the forward speed v = 0.7m / s, the row of fertilizer y and turntable speed x relationship as shown in formula (2): According to the polynomial regression equation (2) (3) (4), it is found that the amount of fertilizer increases as the increase of the rotational speed of the turntable, and reaches a certain value and decreases with the increase of the rotational speed of the turntable. Table 2 , the single-factor analysis was carried out.When the turntable speed is fixed, the amount of fertilizer is proportional to the speed of the tractor, and the amount of fertilizer decreases as the tractor advances.
Field trials
Basic conditions of field trials. The test site is in the rubber farm of the Friendship Farm. We use the equipment is the East Red 604 tractor. We use fertilizers for powdered phosphate fertilizer, potash and granular compound fertilizer. We measured the performance on the machine, fertilizer uniform performance and precision fertilization situation [10] . The experimental analysis shows that the machine meets the rubber glue garden ditch fertilization operation. Machine fertilizer is more uniform. Plastic workers can refer to Table 2 machine fertilization test summary table to control the tractor forward and turntable speed kneading garden precision fertilization.The productivity reached 1.3 hm 2 / h, which was obviously higher than that of digging and digging.
Conclusions
According to the agronomic requirements of rubber fertilization, we designed a grooving to plow furrow and turntable fertilizer of rubber tree ditch fertilization machine. Through the field test, the machine to meet the rubber deep fertilization ditch depth of 10~30cm between the width of 304 0cm between the requirements. At the same time, we can refer to the test data to precision fertilization. The machine has reached the desired design requirements. In the next research and development process, we mainly on the fertilizer monitoring and discharge action of the feedback control to study.
